The formation of high-mass stars is much less understood than the low-mass case: even the time order of observational phenomena is uncertain. Water, one of the most important molecules in the Universe, might elucidate key episodes in the process of stellar birth, and especially could play a major role in the formation of high-mass stars. This talk presents the first results of the Herschel Space Observatory key-program WISH. A key-goal of that KP is to follow the process of star formation during the various stages and use the water as a physical diagnostic throughout the evolution. The HIFI and PACS instruments are used to make maps and spectra of ~20 lines in ~20 sources spanning a large range in physical parameters, from pre-stellar cores to UCHII regions.
Introduction
In the deeply embedded phase of star formation, it is often only possible to trace the dynamics of gas in a young stellar object (YSO) through resolved emission-line profiles. The various dynamical processes include infall from the surrounding envelope towards the central protostar, molecular outflows, and strong turbulence. One of the goals of the Herschel Space Observatory (HSO) and of its spectrometer HIFI is to probe these processes and determine the abundance of the chemical species as a function of evolution.
Three instruments are on board the HSO, launched on May 14th, 2009: the Photodetector Array Camera and Spectrometer PACS, the Spectral and Photometric Imaging Receiver SPIRE, and the Heterodyne Instrument for the Far-IR HIFI [1] . HIFI is composed of the Wide Band Spectrometer WBS and of the High Resolution Spectrometer HRS (built by the CESR and the LAB). HIFI allows to observe between 250 and 625 microns (bands [1] [2] [3] [4] [5] , and between 157 and 213 microns (bands 6-7). HIFI is a major step forward compared to other space facilities because of higher spatial resolution (3-5 w.r.t. SWAS/ODIN, 8 with ISO-LWS), higher sensitivity (10 w.r.t. SWAS/ODIN), higher spectral resolution (up to 125 kHz), and larger colder aperture, and more observing time than balloon and airborne instruments.
The OB stars are the main contributors to the evolution and energy budget of galaxies. Their formation, however, has not been understood yet and the classical scheme for low-mass star formation cannot be applied as such to OB stars. Indeed, young OB stars and protostars strongly interact with the surrounding massive clouds and cores, leading to a complex and still not clearly defined sequence of objects from pre-stellar cores that are often believed to be hosted in the so-called IR dark clouds, to high-mass protostellar objects (HMPOs), to hot molecular cores (HMC) and uItra compact HII regions. 
Water in Star forming regions

Water in the Universe
Actually, water is a common species in the Universe: it is the third most abundant one (mostly in gas phase). To make water molecules, hydrogen (H) and oxygen (O) atoms are needed. But the Big Bang created only two elements: hydrogen (75 %) and helium (25%). The other chemical elements (oxygen, carbon, iron..) have been produced later from the nuclear transmutation of H and He within the first stars, before our Solar system was created. The production of all these elements and even heavier ones goes on in mainly two types of stars: -Solar-type stars who produce O, N, C; -massive stars (more than 8 times the Sun mass) who produce Si, Ne, C, O, and Fe. These massive stars, even rare (only a few % of the total), are hence essential for the life and matter cycle in the Universe. These heavy elements, produced in the stars, are later ejected and incorporated in the diffuse interstellar medium, then transformed into molecular material in the dense clouds, and will be eventually re-used for another cycle, possibly to create life.
But the difficulty is that water is (quasi-) unobservable from ground because of our own atmosphere. Only space observations can allow us to study the water emission and hence to determine its quantity and chemistry.
The WISH Key-Program
The WISH GT-KP (Water In Star forming regions with Herschel, PI: E. van Dishoeck, [2] ) aims at probing the stellar formation through water observations with HIFI and PACS towards a large sample of low-, intermediate-and highmass protostellar objects and circumstellar disks. The large variations of water abundance (e.g. evaporation from dust grains for T>100 K) depending on the physical conditions allow to test different regions, and, hence, to characterize different evolutionnary stages. Also, water is a very good probe of gas flows (infall, outflow). But maybe more important, water plays a crucial role in the energy balance and, as an efficient cooling agent, could help to understand how massive stars can form. Finally, water molecules are the main oxygen reservoir.
Results
The study of the high-mass protostar formation represents a large fraction of the WISH KP. This part is led by F. Herpin (LAB-France), F. van der Tak (SRON-Netherlands) and F. Wyrowski (MPIfR-Germany). It consists of HIFI pointed observations of 14 water lines, including rare isotopic lines (H2 18 O, H2 17 O) in 19 sources (plus deep H2O 110-101 observation of four infrared-dark cloud cores) at different evolutionary stages (mid-IR-quiet and mid-IRbright massive dense cores, hot molecular cores and UCHII regions). Maps of water emission with HIFI (110-101, 202-111, 111-000) and PACS maps in 4 lines of 6 proto-clusters are also performed. The goal is to determine the abundance and distribution of water in the envelopes, massive outflows, and to precise the filling, cooling and chemistry of intra-cluster gas. The observations include chemically related species (O, OH, H3O + ), radiation diagnostics of UV and X-rays, and a few key high-J CO lines too. The interpretation of the data is made through the line profile analysis and a line modelling using MC3D [3] for the continuum and RATRAN [4] for the lines.
A first look to the water line profiles towards objects with different mass shows that water lines are stronger and more complex in high-mass protostellar objects (see Fig.1 ). The DR21(Main), in Cygnus X (L=45000 L , d=1.7 kpc) region, a relatively evolved object, was observed by the HSO [5] in the 13 CO 10-9 and H2O 111-000 (1113 GHz) lines. The profiles exhibit different components coming from the outflow, the protostellar envelope itself, and a foreground cloud. The high water abundance (7 10 -7 ) in the warm outflow is probably due to the evaporation of water-rich icy grain mantles, while the H2O abundance is kept down by freeze-out in the dense core (1.6 10 -10 ) and by photodissociation in the foreground cloud (4 10 -9 ). . A first estimate of the water abundance has been made for all these objects (see Table 1 ). The higher abundance (>10 -8 ) derived for G31.41+0.31 and W43-MM1 is not clearly linked to luminosity, mass and temperature or assumed evolutionary stage of the source. Table 1 : Model parameters and derived water abundances [6] .
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The mid-IR bright massive dense core W3-IRS5 (Perseus region, d=2.0 kpc) was studied by Chavarria et al. (2010) [9] . Several water lines have been observed and modeled. Emission in the rare isotopologue lines is only reproduced in the models by including a jump in the water abundance in the inner envelope. The emission in the rare species comes from the inner envelope where the water abundance is greatly enhanced (evaporation from dust grains). Emission from this region could be the expected contribution from the passively radiatively heated inner envelope. The signature of outflow (high-velocity emission of 33-40 km/s) is seen, but no infall is observed. Profiles reveal absorption from the cold molecular cloud (T≤ 10 K) in which the proto-stellar envelope is embedded. From the model interpretation, we conclude that the water emission is coming from the 2 sources first observed by Rodon et al. (2008) [10] . The water abundance is 10 -4 in the inner protostellar envelope (T>100K) while it is 10 -8,9 in the outer envelope (see Fig.3 ).
Finally, a large study of the chemistry has been made by Benz et al. (2010) [11] for W3-IRS5 and Bruderer et al. (2010) [12] for AFGL2591 within the WISH KP. Through the observations of various hydrides, a radiation diagnostic in the system protostar-disk-outflow is possible. Actually, hydrides are produced at high temperatures via reactions with atomic ions within strong UV or X fields. The following species have been detected: OH, CH (2 10 -8 in AFGL2591), NH (10 -9 ), SH, OH + (3 10 -10 ), CH + (10 -8 ), NH + , SH + , H2O, H2O + (7 10 -10 ), H3O + . The first detection of OH + and H2O + [13] reveals the gas phase path to produce water, and, hence, complete the water chemical puzzle. They conclude that FUV radiation from central protostar irradiates and heats the walls of the outflow cavity making the abundance of CH + , OH + and NH + to increase by several orders of magnitude in the walls of the outflow. 
